We have described in a previous communication, a method for the production of experimental pneumococcus lobar pneumonia in the dog (1). Briefly this consists in the injection of small quantities of highly virulent pneumococci, suspended in a starch-broth medium, through a radio-opaque catheter inserted into a terminal bronchus with the dog under the fluoroscope. The experimental disease thus produced bore a close analogy, both in its clinical course and pulmonary pathology, to lobar pneumonia seen in the human being. The severity of the disease was, for the most part, found to be dependent upon the amount of culture injected. With doses of less than 0.04 ch. the dogs always recovered. Increasing the dosage above this amount resulted in infections of greater intensity and with a mounting mortality until at 0.25 cc. of culture death usually ensued. With a dose of 0.4 cc. of culture death occurred regularly.
(Received for publication, November 19~ 1934) We have described in a previous communication, a method for the production of experimental pneumococcus lobar pneumonia in the dog (1) . Briefly this consists in the injection of small quantities of highly virulent pneumococci, suspended in a starch-broth medium, through a radio-opaque catheter inserted into a terminal bronchus with the dog under the fluoroscope. The experimental disease thus produced bore a close analogy, both in its clinical course and pulmonary pathology, to lobar pneumonia seen in the human being. The severity of the disease was, for the most part, found to be dependent upon the amount of culture injected. With doses of less than 0.04 ch. the dogs always recovered. Increasing the dosage above this amount resulted in infections of greater intensity and with a mounting mortality until at 0.25 cc. of culture death usually ensued. With a dose of 0.4 cc. of culture death occurred regularly.
This observed relationship between the infecting dose and the outcome of the experimental disease, within the limits indicated, afforded the possibility of determining with considerable certainty whether a dog which had recovered from one attack of lobar pneumonia was more or less susceptible to a subsequent infection. The present paper embodies the results of such an investigation. We have studied the effects of repeated attacks of lobar pneumonia in twenty-five individual dogs undergoing 78 infections induced at intervals of 3 days to 19 months. The number of attacks to which a single animal was subjected ranged from two to eleven. All the dogs were sacrificed during their final infection for the purposes of studying the pulmonary pathology.
Materials and Methods
The experimental disease was produced with a single type of pneumococcus, namely Type I, Strain As, which is a known highly virulent organism. For the initial attack a dose of 0.05 to 0.1 ee. of an 18 hour broth culture was given which produced a moderately severe disease course, lasting 4 or 5 days and clearing up usually by crisis. Doses of 0.02 to 1 cc. of culture were employed in the induction of subsequent infections. These were initiated in the previously involved as well as in the hitherto uninvolved lobes of the lung. One or more X-rays were taken on each dog during the course of the disease. The details of weight, dosage, amount of pulmonary involvement, number of attacks, blood cultures and white blood cell counts are shown in Tables I and II . The dogs killed during their second infection (presented only in Table II ) received a final infecting dose of 0.25 cc. with the exception of No. 43E which was given 0.4 cc. of culture.
Survival following Reinfection with Lethal Doses
Thirteen dogs were observed through the course of 33 repeated attacks of experimental lobar pneumonia (Table I ). All except one received doses in the lethal range (0.25 to 1 cc. of culture) and all but one survived. This animal, No. 31D, a very old dog receiving 1 cc. of culture, died at the end of 30 hours with a mixed infection consisting of Gram-negative and Gram-positive bacilli as well as pneumococci. T h a t the resistance of the reinoculated animals had been decidedly enhanced as a result of recovery from one attack of pneumonia is shown by a comparison with dogs infected similarly for the first time. Of a series of twenty-two dogs used in this and previous work which received a dose of 0.25 cc. in their primary infection, only five survived and none of four dogs injected with 0.4 cc. lived. ~
Relative Severity of Successive Infections
The recurrent attacks of pneumonia were uniformly mild in character even with a dose of 0.4 cc. or greater. The febrile course was brief, lasting only 2 or 3 days and the lesion was usually confined to a single lobe. As nearly as could be determined, the time intervals elapsing between reinfections, which were 3 days to 19 months, did not alter the relative severity of the reinfections. Dogs 6B and 15B (Table I) received three infections in alternate lobes of the lung within I Since the completion of this study we have infected a number of dogs with a dosage of 0.25 cc. to 0.5 cc. All died except two and these received the largest amount of culture. a period of 8 days, each infection being given as soon as the temperature reached a normal level after the preceding attack; There were no essential differences between the initial and third attacks.
Occurrence of Bacteremla
One of the most striking differences in reaction between the primarily and secondarily infected animals was that of the occurrence of bacteremia. Daily blood cultures were made on all animals following infection until the time of death or recovery. Of a total of 69 dogs observed in this and other studies (1) during their primary infection, 37 showed invasion of the Mood stream by the pneumococcus at some time during their illness, while of a total of 54 recurrent infections, bacteremia occurred in only three instances and was of a minimal nature (Table I) . The bacteremia present in the initially infected dogs was frequently marked and in the majority of instances was associated with a fatal outcome often with hundreds of pneumococci per cc. of blood. On the other hand the bacteremia in the recovered dogs amounted at most to only six colonies per cc.
Leucocytic Response
Another difference between the primary and subsequent infections was observed in the leucocytic response. When lethal infecting doses were employed in the initially infected animals there was an early and lasting leucopenia which was usually accompanied by bacteremia. Analogous dosage in the reinfected dogs produced in most instances a prompt leucocytosis (see Table I ).
Acquired Pneumococcidal-Promoting Activity of the Blood Serum
In order to determine whether acquired humoral immunity played a r61e in the increased antipneumococcal resistance shown by the recovered dogs, observations were made on the pneumococcidal-prorooting activity of the inactivated serum of six animals following one or more attacks of the disease. The technique for this procedure was the same as that described in earlier studies (2, 3) . It was found that acquired immune substances appeared in the serum of five of the six dogs at some time during the period of observation but not after each attack (Table I) . In most instances they were not demonstrable TExT-FIe. 1. The development of pneumococcidal-promoting activity of the serum during the period of seven attacks of experimental lobar pneumonia; Dog 23B. "Pneumococcidal-promoting action of serum" on day of infection indicates the state of the blood serum just before the induction of the disease.
pneumococcidal-promoting substances remained at a constant level or even tended to diminish during the course of a single infection.
It should be pointed out that failure to demonstrate the presence of acquired immune substances in the serum of these dogs at certain times does not exclude their presence since the method is limited in the detection of these substances in low concentrations. In a previous study of acquired humoral immunity in human cases recovering from lobar pneumonia (3), there were several instances in which the in-activated and diluted serum failed to exhibit pneumococcidal-promoting activity at any time while the fresh whole serum showed the development of this property about the time of recovery, suggesting the occurrence of acquired immune substances fn low concentration. Other evidence for this inference is presented in the study to which reference has been made. Such parallel tests with the whole fresh dog serum were not considered worth while since the dog's blood normally possesses a relatively high degree of pneumococcidal action which tends to persist, often in undiminished degree, throughout the course of the experimental disease. Whether or not our tests failed to reveal the existence of small quantities of acquired immune substances, the results obtained do indicate that the recovered dog's increased resistance to subsequent infection is not dependent on an excess of circulating antipneumococcal immune bodies, because dogs apparently lacking this property of the serum were able to localize the pneumococci just as effectively and recovered from the disease just as quickly as did those exhibiting it to a relatively marked degree.
Acquired immune substances were demonstrable with much greater regularity in the human beings recovering from lobar pneumonia than was the case in dogs but their relationship to the process of recovery is just as obscure.
Pathology
Twenty dogs were sacrificed during their secondary or subsequent attacks for the purpose of studying the evolution of the lesion. A comparison of such lesions with similar aged ones of the primary infection (described elsewhere (4)) revealed certain striking differences in their development. * 3 Hour Lesions.--In two recovered dogs, Nos. 15B and 10D, killed at the end of 3 hours, the lesion differed little, either macroscopically or microscopically, from the process observed at this stage of the primary infection, except that it tended to be slightly more extensive. The involved area was 2 to 3 era. in diameter, of a diffuse mottled red color and sharply demarcated from the surrounding normal lung tissue. A firm nodule about 1 era. in diameter was felt in the center of this area. Microscopically there was seen a central area of intra-alveolar
The stain used was a modification of the Gram-Weigert devised by Mrs. H. M. Wallace and described in our previous study (4 Heart's Lung blood lesion Where macrophage well established, pneumococci absent None cellular infiltration surrounded by a zone of edema-filled air sacs. The cellular exudate was composed of polymorphonuclear leucocytes and red blood cells. In one dog, No. 10D, pneumococci were abundant in all portions of the lesion, lying chiefly within the alveoli, but also present in the alveolar walls. On the other hand, very few pneumococci could be detected in the pulmonary process in Dog 15 and these were all intracellular. In this respect it differs from the primary lesion at 3 hours.
6 Hour Lesions.--By the end of 6 hours the character of the inflammatory reaction in the lungs of the recovered dogs began to show certain distinct differences from similar aged lesions of the initial infection. In the gross, the lesions were larger and of a firmer consistency. In several instances they comprised threefourths to four-fifths of the entire lobe (Table II) , whereas primary lesions of this age, and produced by equivalent dosage, involved less than half the lobe. On microscopic examination, the four dogs reinfected in a previously involved lobe showed an intensity of intra-alveolar cellular infiltration analogous to that observed in the 12 to 15 hour stage of the primary process. Likewise there was less generalized hemorrhage and more perivascular and peribronchial edema than seen at the end of the 6 hour period in the first infection.
The most striking histological change at this time was the appearance of numbers of large mononuclear cells present in the alveolar septa, the perivascular tissues and free in the intra-alveolar exudate. This cellular reaction, exhibited by three of the four dogs, was similar to that which we have described previously (4) as occurring wherever resolution of the pneumonic process is taking place. In the primary infection it has not been observed to occur before 48 to 72 hours after the initiation of the experimental disease except in very occasional instances where small areas of beginning resolution have been detected at 24 hours. The several stages in the development of this characteristic response of the fixed tissue cells are shown in Figs. 1 to 4. The first manifestations of the reaction are an increase in the number and size of large mononuclear cells in the septa and an accumulation of mononuclear cells around the smaller blood vessels (Figs. 1 and 2) . Certain of these cells are seen to be protruding into the alveolar spaces. As the process develops, the number of large cells in the alveolar walls increases, producing a definite thickening of these structures (Fig. 3 ). There is a progressive liberation of the large mononuclears into the air spaces where they are observed to assume the functions of the free histiocyte or macrophage. With the further evolution of the reaction these cells replace the polymorphonuclears and become the predominant cell of the thinning pneumonic exudate (Fig. 4) .
The lesion in two of the three dogs showing the macrophage reaction was produced within the limits of time observed to be necessary for the lung to regain its normal structure following recovery; i.e., 1 to 2 weeks. Thus the cellular picture in Dog 42E, reinfected 5 days after recovery from the preceding attack, represents to a large extent a subsiding macrophage reaction as evident by the characteristic changes seen in the uninvolved tissue. However, Dog 20B reinoculated 11 days subsequent to the antecedent infection showed in all probability a newly developing fixed tissue cell reaction since the lung tissue around the inflamed area appeared normal.
The fifth "6 hour" dog (No. 5E) which received its second infection in a lobe not previously involved, showed a pulmonary lesion essentially similar to the 6 hour primary process.
Pneumococci were found in the lesions of four of the five dogs killed at this time and were most abundant in that of the animal infected in a previously uninvolved lobe. Phagocytosis, by both polymorphonuclear leucocytes and macrophages within the alveolar exudate was observed. Heart's blood cultures made at the time of autopsy were sterile in every case.
12 Hour/~sions.--Of the five dogs sacrificed at the end of 12 to 16 hours, three, Nos. 45E, 6C and 27H, were infected in a previously involved lobe while the other two, Nos. 38D and 15H (Table II) received their infecting dose in a hitherto uninvolved lobe. The resulting inflammatory reactions differed both macroscopically and microscopically in the two sets of animals. The lesions produced in lobes which had been the site of a previous process were smaller and more intensely consolidated than were those occupying lung tissue involved for the first time. They had apparently progressed little in extent from the 6 hour stage but had increased decidedly in density. On microscopical examination the intensity and uniformity of the intra-alveolar cellular exudate was considerably greater in the former group of dogs. Likewise these three dogs showed a generalized macrophage * These authors, in a study to be published soon, made differential counts of the vitally stained cells in the inflammatory exudate of dogs killed at various stages of experimental lobar pneumonia.
reaction which was not observed in the lesions of the other two. In two of the three lesions occupying the site of an earlier infection, pneumococci could not be found, either in microscopic sections or by culture. This early sterilization of the inflammatory process is in marked contrast to the abundant and widespread presence of pneumococci in the corresponding primary lesion produced by the same or smaUer amounts of culture. The lesion of the third dog of this group showed about as many microorganisms as were observed in the newly involved lobes. The pneumococci were few or absent in those areas where cellular infiltration was intense and abundant at the growing edge of the lesion. Heart's blood cultures made at autopsy were sterile in every case.
24 Hour Lesions.--Eight dogs were sacrificed at the end of 24 hours. Of this number six received their infection in a lobe previously involved while in two the final lesion was produced in an area which had not been the site of earlier infection. The clear-cut differences in the character of the inflammatory reaction of these two kinds of tissue loci that were observed in the 6 and 12-16 hour lesions could not be detected at this stage of the process. The extent of involvement in dogs reinfected in the same lobe exceeded in three instances that in the two animals infected in a new lobe. In all three of the former dogs there was extension of the process to other lobes while in only one of the two latter dogs did this occur. Bacteremia occurred in one ease in each group. The dosage was the same in all these instances. Microscopic examination likewise failed to reveal any consistent difference in the lesions produced at these two sites. The character of the lesion in three of the dogs, Nos. 11G, 16G and 4H, differed in no essential way from the primary process of the same age produced by doses of culture from which recovery regularly ensues; i.e., the alveoli were moderately distended with an exudate consisting principally of polymorphonudear leucocytes with a varying number of red blood cells, while here and there were air sacs partly or completely filled with edema fluid. Five of the dogs, Nos. 3E, 6B, 10B, 24B and 22H, however, showed a macrophage reaction in varying degree. In four this cellular change was widespread, a condition which has not been observed in the primary process at 24 hours.
In the lesions of two of the dogs showing a macrophage reaction, pneumococci were not found, either by microscopic examination or culture. In the other two with a similar degree of this type of cellular response, pneumococci were present in the lesions but not abundant. On the other hand, pneumococci in considerable numbers were observed to be distributed throughout the inflammatory area in the three dogs showing no macrophage reaction. In the lesion of Dog 3E, pneumococci were very few or absent in the oldest part which showed an early beginning of the macrophage response but were present in large numbers in the more recently involved areas characterized by a cellular reaction predominantly polymorphonuclear in nature. An analogous distribution of pneumococci in relation to the presence of macrophages was observed in the pulmonary lesion of Dog 22H.
T h e differences o b s e r v e d in p a t h o g e n e s i s b e t w e e n the p r i m a r y infection a n d the s e c o n d a r y or s u b s e q u e n t ones m a y be s u m m a r i z e d as follows: Secondary lesions initiated in the lobe previously affected evolve much more rapidly than do the primary ones during the first 12 to 16 hours. They are characterized by the early appearance of a generalized macrophage reaction and a marked diminution in numbers of pneumococci in the tissues or their complete disappearance. On the other hand, if the recurrent infection has been initiated in a lobe not involved in the first attack the histological picture of the lesion is like that of the primary infection produced with a non-fatal dose. However, it differs markedly from a primary infection caused by an equivalent dose, in that the cellular infiltration is much more intense and even, there is less hemorrhage, the pneumococci are fewer in number and a greater proportion are intracellular. By the end of 24 hours there was little further change other lobes which occurred in some at this time showed more diversity in did those studied at an earlier stage.
in the lesions except spreads to instances. The dogs sacrificed their pulmonary pathology than Some of the lesions resembled those of a similar age in the primary infection but the majority showed the cellular picture and the distribution of pneumococci described above which is seen only in the lung at the time of recovery and has not been observed in the initial process until the end of 48 to 72 hours.
The number of instances in which spread to other lobes occurred in this series of eight animals sacrificed at 24 hours is much higher than that observed in the animals allowed to survive. It is true that X-ray is not as informative as actual inspection but it will reveal any e~tent of consolidation. It is of interest in this connection to note that more than half this series of dogs showed a drop of white count instead of the customary rise observed in the great majority of reinfected dogs. Dog 3E, showing the most marked involvement, had the greatest degree of leucopenia. Yet the blood of this animal was sterile at autopsy. A marked leucopenia during a primary infection has, in our experience, always been accompanied by bacteremia. What the outcome of the disease in Dog 3E would have been we cannot certainly say since with the single exception noted earlier none of the reinfected dogs have died, even with doses much larger than this animal received. Dogs infected for the first time have not survived when more than half the total lung area was involved.
A T T A C K S OF E X P E R I M E N T A L P N E U M O N I A

DISCUSSION
Prior to the recent important contribution of Finland and TWinkler (5) our knowledge concerning immunity following recovery from lobar pneumonia was very meager. These authors have reported the detailed study of 57 cases undergoing recurrent attacks of the disease. As a result of this we now have for the first time concise information concerning the susceptibility of human beings to repeated infection with pneumococci of the same type. Their data show that the distribution of pneumococcus types in the recurrent attacks of lobar pneumonia is about the same as that occurring in the primary infection; i.e., one attack of the disease does not confer on the individual permanently increased resistance against a subsequent pulmonary infection with the homologous type pneumococcus. Nor on the contrary does it render them more susceptible. The recurrent attacks with all types were of about the same intensity and duration as the initial ones, although bilateral involvement and atypical or bronchopneumonias were more common and the incidence of bacteremia slightly less in the former.
Our findings in dogs appear at first sight to differ from these observations in human beings. However, analysis of the two sets of data brings out the fact that they cannot be compared closely since the time intervals between attacks are not analogous. In Finland and Winkler's series of twenty Type I pneumonias undergoing twenty-one recurrent attacks caused by the same type pneumococcus, only one occurred in less than a year after the first attack while in our experimental series all but one of the 54 repeated infections were produced at intervals of less than a year--most of them a few weeks to several months apart. May not the infrequency of secondary attacks of lobar pneumonia noted by Finland and Winkler during the first year or so following the preceding infection have been due to a temporarily increased antipneumococcal resistance?
The only available experimental data which bear directly on this subject are those of Cecil and Blake (6) . These authors, in a study of active immunity following experimental pneumococcus pneumonia in monkeys, found definite differences between Type I on the one hand and Type III and Group IV on the other. Reinfection of two monkeys recovered several weeks previously from a Type I pneumonia resulted, in both instances, in a very mild transient disease course, while several animals recovered from pneumonia due to Type III and Group IV developed just as severe and prolonged a pneumonia following a second infecting dose of the homologous pneumococcus as they had shown in the first attack.
Our experiments show clearly that one attack of lobar pneumonia confers on the dog considerably increased power to localize and limit the spread of a second pulmonary infection produced by the same type pneumococcus. To what altered reactivity on the part of the dog's tissues is this heightened resistance to be attributed? The inconstant presence of demonstrable humoral immune substances in the blood of dogs recovered from one or more attacks of the experimental disease makes it difficult to ascribe the dogs' increased immunity to this factor alone. Again, the occurrence of leucocytosis accompanying the secondary attacks following infecting doses which at the the initial attack regularly produced a leucopenia, undoubtedly indicates a favorable response on the part of the diseased animal. But it seems unlikely that this reaction could have been the determining element in the control of the disease process since the increase in the number of circulating leucocytes was no greater than observed often in the initial infections and occasionally it was only slight.
The most significant and possibly the only definite evidence of the nature of the recovered dog's increased resistance lies, we believe, in the characteristic changes in the fixed tissue cells observed in the pulmonary lesion early in the course of the secondary or subsequent infections. The basis for associating this reaction with heightened tissue immunity to the pneumococcus rests on the following observations: (1) The transformation of the septal and perivascular histiocytes, or macrophage reaction, occurs regularly at the time of recovery from the initial attack of experimental lobar pneumonia and is accompanied by resolution. Whether this reaction is of primary or secondary importance in the process of recovery we do not know, but the fact that it begins in the secondary lesion while the inflammatory process is still extending, and that this secondary process is of more limited extent and of briefer duration than the primary one suggests that it plays a r61e in the control of the infection. (2) Our observa-A T T A C K S OF E X P E R I M E N T A L P N E U M O N I A tions on the distribution of pneumococci in the lesions of the reinfected dogs showed consistently that microorganisms were diminished in number or absent in the regions where the macrophage reaction was most pronounced, and not infrequently lesions showing this reaction to a well developed degree were found to be sterile on culture. Primary lesions of a similar or much greater age were always found to contain pneumococci--usually in considerable numbers. (3) The finding that the macrophage response occurs earlier in the lesions produced at the site of previous infection than it does in secondary lesions initiated elsewhere in the lung indicates at least an increased reactivity of the local tissue cells to the pneumococcus. As to whether the action of the macrophages is principally phagocytic in nature or whether they exert other effects we have no data. It must be granted that our information on this subject is incomplete. Certain animals of the series, particularly some among those killed at 24 hours after the inception of the infection, failed to reveal the characteristic reaction of the fixed tissue cells yet showed by the ,degree of localization of the lesion that they possessed increased resistance to the pneumococcus. We suspect from our observations that there are marked individual variations in the time at which this reaction occurs as well as in its degree. Time elapsing between infections may well play a r61e in the histological response although the time factor, within the limits observed, did not appear to be important in the degree of resistance exhibited by the dogs to reinfection.
The observations of other workers on the macrophage response of lungs to the presence of pneumococci are of much interest in connection with this work. Stuppy, Cannon and Falk (7) found that rabbits immunized by means of the intrabronchial insufltation of killed pneumococci, Types I and II, survived lethal doses of the homologous microorganism similarly administered. Examination of the lungs of such rabbits killed within 24 to 48 hours after the infecting dose showed a marked proliferative and exudative type of reaction in which the macrophage was the predominant cell of the inflammation. They inferred from their data that this local cellular response of the lung was definitely associated with increased specific immunity to the pneumococcus. In a study of local immunization of the lungs to the staphylococcus and B. coli, Tuttle and Cannon (8) found a marked proliferation of the macrophages and a similar distribution in the form of perivascular collars that we observed in the lungs of our dogs undergoing recurrent pneumonia. Fried, who has'made extensive investigations on the macrophage system of the lungs (9), particularly in relation to the tubercle bacillus, stresses the importance of the r61e played by the macrophages in the lungs' defense against pathogenic microorganisms.
S~R Y
A study has been made of repeated attacks of experimental lobar pneumonia in the dog produced by the intrabronchial injection of Pneumococcus Type I. Twenty-five individual dogs were given 78 infections in all at intervals of 3 days to 19 months. The number of attacks to which a single animal was subjected varied from two to eleven. It was found that recovery from this experimental disease conferred on the animal increased resistance against subsequent infections as shown by the fact that such animals regularly survived doses of culture which in the dog infected for the first time produced a fatal outcome. The recurrent attacks of pneumonia were uniformly mild in character; the febrile course was brief; the pulmonary lesion was usually confined to a single lobe, and bacteremia seldom occurred. There was no detectable difference between the second and the subsequent infections, which could be produced whenever desired, nor did the time intervals between attacks appear to bear any relationship to the severity of the experimental disease. Tests for acquired antipneumococcal immune substances in the blood after recovery showed their presence in some animals and not in others, yet dogs without demonstrable humoral immunity appeared to be just as resistant to reinfection as those possessing it.
A comparison of the pathogenesis of these secondarily induced lesions with those of the initial infection revealed certain striking differences between the two. Secondary lesions produced in the lobe previously affected tended to evolve much more rapidly than did the primary ones. They were characterized by the early appearance of a generalized macrophage reaction and a marked diminution in the numbers of pneumococci in the tissues or their complete absence. These changes occurred more slowly in secondary lesions initiated in hitherto uninvolved lobes. The macrophage reaction, which consists of a swelling of the fixed tissue cells (histiocytes) and a subsequent liberation of macrophages into the alveolar exudate, is regarded as a significant evidence of increased antipneumococcal resistance, since it has been observed to occur regularly at the time of recovery from the first infection and is accompanied by the local disappearance of the invading microorganisms. Fro. 4. Dog 43E. Area of well advanced macrophage reaction. Many large mononuclears have been liberated into the alveoli where they assume the appearance of macrophages. X 650.
